The relative effectiveness of the SimPlate Yeast and Mold-Color Indicator method (Y&M-CI) was compared to the U.S. Food and Drug Administration's (FDA) Bacteriological Analytical Manual (BAM) method and the proposed International Organization for Standardization (ISO) method, ISO/CD 21527, for enumerating yeasts and molds in foods. Test portions were prepared and incubated according to the conditions stated in both the BAM and ISO methods. Six food types were analyzed: frozen corn dogs, nut meats, frozen fruits, cake mix, cereal, and fresh cheese. Nut meats, frozen fruits, and fresh cheese were naturally contaminated. All other foods were artificially contaminated with either a yeast or mold. Seventeen laboratories throughout North America and Europe participated in the study. Three method comparisons were conducted. In general, there was <0.3 mean log count difference in recovery between the SimPlate method and the 2 corresponding reference methods. Moreover, mean log counts between the 2 reference methods were also very similar. The repeatability (s r ) and reproducibility (s R ) standard deviations were comparable between the 3 method comparisons. These results indicate that the BAM method and the SimPlate method are equivalent for enumerating yeast and mold populations in foods. Similarly, the SimPlate method is comparable to the proposed ISO method when test portions are prepared and incubated as defined in the proposed ISO method. Y easts and molds can cause various degrees of food decomposition. Their ability to proliferate in a wide range of pH and temperatures, and in foods of various water contents, make it necessary to detect fungal spoilage at the early stages. Current methods for enumeration of yeasts and molds include the U.S. Food and Drug Administration's (FDA) Bacteriological Analytical Manual (BAM) culture method (1) and the International Organization for Standardization (ISO) method (2). Both methods use agar plates that are incubated for 5-7 days (120-168 h) before obtaining results. The SimPlate ® Yeast and Mold-Color Indicator (Y&M-CI) method uses Binary Detection Technology (BDT) to enumerate yeasts and molds in foods after a minimum of 56 h of incubation, thereby offering a significant timesaving advantage over the current culture methods. The SimPlate device also eliminates the uncertainty in enumeration of plate counts because of factors such as overcrowding, spreading colony types, and food particulate interference on conventional plate methods. In the SimPlate multiple test format, prepared food test portions are placed onto the center of a SimPlate device, and Y&M-CI liquid medium is then added. For the single test format, a premixed test portion/medium homogenate is dispensed into the test device. The test portion/medium homogenate is distributed into a fixed number of individual incubating wells: 84 for the normal counting range SimPlate test and 198 for the high counting range.
Y easts and molds can cause various degrees of food decomposition. Their ability to proliferate in a wide range of pH and temperatures, and in foods of various water contents, make it necessary to detect fungal spoilage at the early stages. Current methods for enumeration of yeasts and molds include the U.S. Food and Drug Administration's (FDA) Bacteriological Analytical Manual (BAM) culture method (1) and the International Organization for Standardization (ISO) method (2) . Both methods use agar plates that are incubated for 5-7 days (120-168 h) before obtaining results. The SimPlate ® Yeast and Mold-Color Indicator (Y&M-CI) method uses Binary Detection Technology (BDT) to enumerate yeasts and molds in foods after a minimum of 56 h of incubation, thereby offering a significant timesaving advantage over the current culture methods. The SimPlate device also eliminates the uncertainty in enumeration of plate counts because of factors such as overcrowding, spreading colony types, and food particulate interference on conventional plate methods. In the SimPlate multiple test format, prepared food test portions are placed onto the center of a SimPlate device, and Y&M-CI liquid medium is then added. For the single test format, a premixed test portion/medium homogenate is dispensed into the test device. The test portion/medium homogenate is distributed into a fixed number of individual incubating wells: 84 for the normal counting range SimPlate test and 198 for the high counting range.
With the SimPlate method, foodborne microorganisms are suspended in a nutritionally defined growth medium. To enhance performance, medium supplements are provided for use with certain food matrixes. These supplements balance certain inherent attributes of some matrixes such as increased acidity found in foods containing high levels of vitamin C. Discrete aliquots are separately compartmentalized and isolated from each other in the incubating wells where biochemical activities of viable microorganisms are monitored in a liquid environment. Detection by this biochemical process requires fewer microorganisms to produce a detectable signal in a SimPlate well than the number required to form a clearly visible colony on an agar plate. Enumeration is measured by a simple binary reaction; each well is either positive or negative. Any color change from the original background color in each well or in the sponge is interpreted as a positive reaction. Yeasts and molds are enumerated by counting the numbers of wells in each plate that exhibit a color change (positive wells) after incubation. The final count per plate is derived from Table 1 that is based upon the principle of the Poisson distribution. The large number of wells allows an accurate measure of the true microbial population in a test sample.
A recent study compared the SimPlate Y&M-CI method and BAM method for recovery and quantification of yeasts and molds in 20 different foods (publication pending). Overall, the results indicated that the SimPlate Y&M-CI method is equivalent to the BAM reference method. This report describes a separate international multilaboratory collaborative study comparing the relative effectiveness of the SimPlate Y&M-CI method to the BAM plate method for recovery of yeasts and molds. The SimPlate method and the proposed ISO culture method were evaluated in this same study.
Collaborative Study

Design of Study
Six food types, representative of a wide range of food categories, were evaluated: frozen corn dogs (frankfurter encased in cornbread), frozen fruits, cereal, fresh cheese, cake mix, and nut meats. Frozen fruits, fresh cheese, and nut meats were naturally contaminated. For these foods, 2 test portions from 3 different lots were analyzed for each food type (total of 6 test portions per food type). Cereal, cake mix, and frozen corn dogs were artificially contaminated with either a yeast or mold. Inoculation levels in foods artificially contaminated were as follows: high, approximately 10 000; medium, 1000; low 100 fungi/g of food. Foods that required Dichloran rose bengal agar (DRBC) spread plates as the reference culture method were artificially contaminated at these inoculation levels: high, approximately 100 000; medium, 10 000; low 1000 (minimum detection level by the BAM method) fungi/g of food. Two test portions from 3 different inoculation levels and uninoculated controls were analyzed for each artificially inoculated food type (total of 8 test portions per food type).
Collaborators were sent 2 sets of randomized test portions; one set was used for analysis by the BAM culture method, using 0.1% peptone diluent, and the corresponding SimPlate method (SIM-B). The other set was used for analysis by the ISO culture method, using peptone salt solution, and the corresponding SimPlate method (SIM-I). The cereal, cake mix, and nut meats were stored at room temperature until the day of analysis. Fresh cheeses were refrigerated; frozen fruits and corn dogs were kept frozen (-20°C) until the day of analysis.
For one set of test portions, collaborators were instructed to prepare the initial suspension and further decimal dilutions as recommended by BAM (1) . The appropriate dilutions were analyzed by the BAM plate method and the SimPlate method (SIM-B), both incubated at 25°C. Two types of agar plates were used for the reference method. Dichloran 18 glycerol (DG18) agar was used when the water activity of the food was <0.95; otherwise, DRBC agar was used for all other food types. For the second set of test portions, collaborators prepared the initial suspension and further decimal dilutions according to ISO 6887 (3). The appropriate dilutions were analyzed according to ISO/CD 21527 (2) culture method (DG18 agar) and the SimPlate method (SIM-I), both incubated at 25°C. The food types with higher water activity (a w > 0.95) were also tested with DRBC agar plates. An overview of the interlaboratory study design is shown in Figure 1 . Results obtained were submitted on summary forms with the appropriate raw data. A minimum of 8 laboratories submitted valid data for each food type.
Preparation of Inocula and Test Portions
Frozen corn dogs, cake mix, and cereal test portions were inoculated with Candida albicans, Torulaspora delbrueckii, and Aspergillus clavatus, respectively. These fungi were chosen because they are commonly isolated from food products. Test cultures were grown on potato dextrose agar (PDA) plates at 25°C for 3-7 days. Growth from these plates was resuspended into Butterfield's phosphate buffered dilution water (BPBD). This suspension was diluted and used to artificially contaminate foods. For cake mix, C. albicans was grown on PDA plates at 25°C for a minimum of 3 days. The viable colonies were collected, washed, and resuspended into 10% nonfat dry milk for freeze-drying. Lyophilized cultures were stored at -20°C until used. Inoculated test portions were prepared at least 1 week before analysis to allow populations to stabilize.
The naturally contaminated foods were purchased at the retail level in Seattle, WA. The bulk foods were thoroughly mixed and then packaged into 50 g test portions for shipment to collaborators.
Test Portion Distribution
Each collaborator received 2 sets of 6-8 test portions for each week the study was conducted. Test products were distributed by an overnight delivery from the United States to laboratories throughout North America and Europe. Frozen foods were shipped on dry ice; cereal, cake mix, and nut meat test portions were shipped at room temperature. Fresh cheese was shipped on ice.
Test Portion Analysis
The BAM and ISO culture methods use different diluents for the initial suspension and decimal dilutions of test portions. This required collaborators to set up separate paired samples with one test portion prepared with the BAM diluent and the other with the ISO diluent. Analysts were instructed to follow both BAM and ISO reference procedures without deviation.
Designated food test portions were prepared as specified by BAM (8th Ed., Rev. A, Ch. 18; 1). For all food types including nut meats, 50 g test portions were added to 450 mL 0.1% peptone water, and homogenized by stomaching for 2 min. Frozen test portions were added directly to the diluent (unthawed) and then stomached to obtain a liquid homogenate. After homogenization, suspensions were serially diluted into 0.1% peptone water. The number of dilutions necessary to perform the test depended on the food type being analyzed. Subsequent 10-fold dilutions were prepared by adding 10 mL of the previous dilution to 90 mL sterile diluent and shaken 25 times in a 30 cm arc. BioControl provided the suggested dilution series for each food type the week before analysis was initiated.
For low moisture food types (cake mix, cereal, and nut meats), 1 mL from each appropriate dilution of the test portion was transferred to a sterile Petri dish in triplicate. A 20 mL amount of DG18 agar, tempered to 42-45°C, was added and swirled to evenly distribute the test dilution and agar. Plate counts of each dilution level were performed in triplicate. For high moisture food types (frozen corn dog, frozen fruits, and cheese), 0.1 mL from each appropriate dilution of the test portion was transferred to a sterile pre-poured DRBC dish in triplicate and spread across the surface of the plate. Plate counts of each dilution level were performed in triplicate. Frozen fruits were spread plated on DRBC agar plates containing chlortetracycline. All plates were incubated in the dark at 25°C for 5-7 days. The number of fungi present on each plate was enumerated after the required incubation. Data were recorded onto the appropriate worksheets. For the BAM method, plates containing 10-150 colonies were counted.
Designated food test portions were also prepared as specified by ISO method 6887. For all food types, 50 g test portions were added to 450 mL peptone salt solution and homogenized by macerating for 1 min. After homogenization, aliquots were serially diluted into peptone salt solution. The number of dilutions necessary to perform the test depended on the food type being analyzed. Subsequent 10-fold dilutions were prepared by adding 10 mL of the previous dilution to 90 mL sterile diluent and mixed well. BioControl provided the suggested dilution series for each food type the week before analysis was initiated.
For low moisture food types (cake mix, cereal, and nut meats), 1 mL from each appropriate dilution of the test sample was transferred to a sterile Petri dish in duplicate. Approximately 15 mL DG18 agar, tempered to 42-45°C, was added and swirled to evenly distribute test aliquot and agar. Plate counts of each dilution level were performed in duplicate. For high moisture food types (frozen corn dog, frozen fruits, and cheese), 0.1 mL from each appropriate dilution of test sample was transferred to a sterile pre-poured DRBC plate in duplicate and spread across the surface of the plate. Frozen fruits were spread plated on DRBC agar plates containing chlortetracycline. Plate counts of each dilution level were performed in duplicate. All plates were incubated at 25°C for 5-7 days. The number of fungi per plate were enumerated after the required incubation. Data were recorded onto the appropriate worksheets.
Diluted test portions prepared for the BAM and ISO reference methods were also used for SimPlate analyses. One set of SimPlate devices (SIM-B) was set up with dilutions from the BAM method. A separate set of SimPlate devices (SIM-I) was set up with dilutions from the ISO method. A 1 mL amount of diluted test portion was transferred to the center of the SimPlate device. The device was overlayed with 9 mL rehydrated Y&M-CI medium, for a final volume of 10 ± 0.2 mL. After the plate was covered with the lid, the test sample/medium homogenate was mixed and swirled into the wells. Excess liquid was decanted into the device collection sponge. All SimPlate devices were incubated in the dark at 25°C for a minimum of 56 h. After incubation, the number of wells with a color change from the original background color were counted. 
Statistical Analysis
For each lot of food, triplicate (duplicate for ISO) plates were averaged and reported as colony forming units (CFU)/g for the BAM or ISO reference methods and the SimPlate methods. For the BAM method, if none of the plates for a test portion had at least 10 colonies, the exact counts from the least dilute test sample were averaged.
The base 10 logarithms (log 10 ) of SimPlate counts and CFU/g for each of the reference culture methods were used for statistical analysis of the test portions. In a few instances, indefinite values were reported for data values for the test portions. To perform statistical analysis on these particular data values, the indefinite sign was truncated and method performance was determined (4). Repeatability (s r ) and reproducibility (s R ) standard deviations, relative standard deviations of repeatability (RSD r ) and reproducibility (RSD R ), and repeatability (r) and reproducibility (R) values were calculated according to the methods of Youden and Steiner (5) after the Cochran test was applied to eliminate outliers. The Cochran test was used to remove laboratories showing significantly greater variability among replicate analyses than other laboratories for a particular set of test portions. An F statistic that computes the ratio of the 2 variances was used to compare repeatability and reproducibility variances (6, 7) . Mean responses between the 2 methods were compared by using a 2-sample (paired) t-test (6, 7 
A. Principle
SimPlate Yeast and Mold-Color Indicator (Y&M-CI) method is used to detect and quantify yeast and mold populations. The Y&M-CI medium and test sample mixture is dispensed into a SimPlate device and incubated for a minimum of 56 h. The medium changes color in the presence of yeasts and molds. The yeast and mold count is determined by counting the wells with changed color and referring to Table 1 . 
B. Media and Reagents
D. General Instructions
Do not use expired medium. Store reconstituted medium between 15 and 25°C in the dark and use within 12 h. Dispose of medium in decontamination container, and sterilize before discarding.
E. Test Suspension Preparation
(a) Weigh 50 g test portion into 450 mL sterile diluent [e.g., 0.1% peptone water (BAM method) or peptone salt solution (ISO method)]. This is a 1:10 dilution. Macerate mixture.
(b) If alternative test portion size is specified in testing procedure, prepare 10% (w/v) suspension.
(c) If necessary, prepare 10-fold serial dilutions appropriate for anticipated population of test portion.
F. Y&M-CI Test Procedure, Single Test Medium
For 1.0 mL test suspension.-(a) Suspend powdered medium with 9.0 mL sterile deionized water containing 1 mL Supplement A per 100 mL water. Add 1.0 mL prepared test portion and mix well. Do not count this reconstitution as a dilution.
For 0.1 mL test suspension.-(b) Suspend powdered medium with 9.9 mL sterile deionized water containing 1 mL Supplement A per 100 mL water. Add 0.1 mL prepared test portion and mix well. This is an additional 1:10 dilution from E.
The final volume of test portion/medium mixture in the container should be 10 ± 0.2 mL.
Note: For raw meats and spices, add 0.1 mL Supplement M to hydrated medium. For undiluted fruit juice containing vitamin C or dry pet food, add 0.1 mL Supplement V. For foods containing spreading mold populations, add 0.1 mL Supplement D. Supplements are available from BioControl Systems, Inc. The final volume of the test portion/medium mixture in the container should be 10 ± 0.2 mL.
(c) Remove lid from the SimPlate device and transfer test portion/medium mixture onto center of plate. Immediately replace lid. Continue with H.
G. Y&M-CI Test Procedure, Multiple Test Medium
(a) Empty contents of one container, B(a), into 100 mL sterile deionized water containing 1 mL Supplement A per 100 mL water. Shake to completely dissolve.
Note: For raw meats and spices, add 1.0 mL Supplement M to hydrated medium. For undiluted fruit juice containing vitamin C or dry pet food, add 1.0 mL Supplement V. For foods containing spreading mold populations, add 1.0 mL Supplement D. Supplements are available from BioControl Systems, Inc.
(b) Remove lid from SimPlate device. Pipet prepared test suspension onto center of plate. If prepared test suspension size is 1.0 mL, overlay test suspension with 9.0 mL medium. Do not count this media addition as a dilution.
(c) For 0.1 mL of prepared test portion, overlay with 9.9 mL medium; this is an additional 1:10 dilution of test suspension from E.
The final volume of test portion/medium mixture on the plate should be 10 ± 0.2 mL.
Immediately replace lid. Continue with H.
H. Test Procedure for Single and Multiple Tests
(a) Gently swirl to distribute test portion/medium mixture into all wells. Hold plate with both hands tilted slightly to help distribute medium into wells.
(b) Pour off excess medium by holding lid against plate on either side of sponge cavity. Tip plate toward you to allow liquid to drain into sponge. Observe background color of wells. Background is defined as color of test portion/medium mixture inside wells.
(c) Do not invert the SimPlate device. Incubate at room temperature (22-25°C) for 56-72 h in the dark. If test portion being analyzed is known to contain slow-growing fungal populations, such as certain mold genera, incubation time may be extended to a total of 72 h. If Supplement V is used, incubate SimPlate devices for 72 h in the dark. Table 1 to determine the total population per plate.
I. Reading and Interpretation of Results
(c) To calculate the number of fungi/g, multiply the number in I(b)(2) by the appropriate dilution factor (see E and F for single test or E and G for multiple test).
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Results
The SimPlate Y&M-CI method was compared to the BAM method and the proposed ISO method (ISO/CD 21527) for enumeration of yeasts and molds in foods. Test portions were prepared and incubated according to the conditions stated in both the BAM and ISO methods. Seventeen laborato- 
Frozen corn dog 
Frozen Corn Dogs
Frozen corn dog test portions inoculated at low, medium, and high levels were analyzed (Table 3 ). Uninoculated controls were included on the day of analysis. Thirteen laboratories participated in the analysis of frozen corn dogs. Laboratories 6, 7, 10, 11, and 17 did not follow study instructions. The data from these laboratories were excluded from statistical analysis.
Data generated by the BAM method and the corresponding SimPlate method (SIM-B) were compared statistically. Eight laboratories submitted valid data for all 3 levels of frozen corn dogs. Mean log counts recovered from low, medium, and high level test portions were not statistically different between the 2 methods. The repeatability (s r ) and reproducibility (s R ) standard deviations (SDs) of the 2 methods were statistically analyzed (Table 2002 .11A). The RSD r and RSD R values were not statistically different for all 3 levels between the 2 methods (Table 2002. 
11A).
Data generated by the ISO method and the corresponding SimPlate method (SIM-I) were compared statistically. Eight laboratories submitted valid data for all 3 levels of frozen corn dogs. Mean log counts recovered from medium and high levels test portions were not statistically different between the 2 methods. The SimPlate method recovered higher mean log counts than did the ISO method for the low level (p < 0.05). However, the mean counts were very similar, with <0.3 log units difference between the 2 methods. The RSD r and RSD R values were not statistically different between the 2 methods for all 3 levels (Table 2002. 
11B).
Data generated by the BAM and ISO methods were compared statistically. Eight laboratories submitted valid data for all 3 levels. Mean log counts recovered from all 3 levels were not statistically different between the 2 methods. The RSD r and RSD R values were not statistically different for all 3 levels between the 2 methods (Table 2002. 
11C).
Frozen Fruits
Three types of frozen fruit (strawberries, blackberries, and raspberries) were analyzed (Table 4) . These 3 fruits were chosen because they are known to contain significant levels of fungi contamination. Laboratory 12 did not complete analysis of test portions. The data from this laboratory were excluded from statistical analysis.
Data generated by the BAM method and the SimPlate method (SIM-B) were compared statistically. Twelve laboratories submitted valid data for frozen fruit test portions. The mean log counts from the BAM and the SIM-B methods were not statistically different for the 3 lots analyzed. The RSD r and RSD R values for the frozen fruits test portions were not statistically different between the 2 methods (Table 2002. 
11A).
Data generated by the ISO method and the SimPlate method (SIM-I) were compared statistically. Laboratory 3 was determined to be an outlier by the Cochran test for the blackberry test portions. This paired data set was excluded from statistical analysis. Twelve laboratories submitted valid data for the strawberry and raspberry test portions, and 11 laboratories submitted valid data for blackberry test portions. The mean log counts from the BAM and the SIM-I methods were not statistically different for the 3 lots analyzed. The RSD r and RSD R values for the frozen fruits test portions were not statistically different between the 2 methods (Table 2002. 
11B).
Data generated by the BAM and ISO methods were compared statistically. Twelve laboratories submitted valid data for all 3 lots of frozen fruits test portions. Mean log counts recovered from these 3 lots were not statistically different between the 2 methods. The RSD r and RSD R values were not statistically different for all 3 lots between the 2 methods (Table 2002.11C).
Cereal
Cereal test portions inoculated at a low, medium, and high level were analyzed (Table 5) . Uninoculated controls were included on the day of analysis. Laboratory 9 did not follow the SimPlate directions for use. Laboratory 12 did not complete analysis of the test portions. The data from these laboratories were excluded from statistical analysis. Throughout the analysis of cereal test portions, some laboratories reported plate counts for certain test portions that were below the suitable counting range for the BAM method. These data were estimated and used for statistical analysis.
Data generated by the BAM and SimPlate methods were compared statistically. Eleven laboratories submitted valid data for all 3 levels. The mean log counts from the BAM and SIM-B methods were not statistically different for all 3 levels analyzed. The RSD r values from the BAM and SIM-B methods were not significantly different for the medium and high test portions. The BAM method's data reported lower RSD r for the low test portions (p < 0.05). The RSD R values from the data for the BAM and SIM-B methods were not statistically different for the all 3 levels.
Data generated by the ISO and SimPlate methods were compared statistically. Laboratories 11 and 4 were determined to be outliers by the Cochran test for the low and high test portions, respectively. These paired data were excluded from statistical analysis. Eleven laboratories submitted valid data for the medium level and 10 laboratories submitted valid data for the low and high levels. The mean log counts from the ISO and SIM-I methods were not statistically different for all 3 levels analyzed. The RSD r values from the ISO and SIM-I methods were not significantly different for the medium level test portions. The ISO method's data showed lower RSD r for the low and high test portions. The RSD R values from the ISO and SIM-I methods were not statistically different for the all 3 levels (Table 2002. 
11B).
Data generated by the BAM and the ISO methods were compared statistically. Laboratory 11 was determined to be an outlier by the Cochran test for the low level test portions. These paired data were excluded from statistical analysis. Ten laboratories submitted valid data for the low level and 11 laboratories submitted valid data for the medium and high levels. 
Fresh Cheese
Three types of fresh cheese (blue, mozzarella, and cheddar) were analyzed (Table 6 ). Data generated by the BAM and SimPlate methods were compared statistically. Laboratory 6 was determined to be an outlier by the Cochran test for blue and mozzarella cheese test portions; therefore, the paired data were excluded from statistical analysis. Thirteen laboratories submitted valid data for blue cheese and mozzarella cheese test portions and 14 laboratories submitted valid data for cheddar cheese test portions. The mean log counts from the BAM and SIM-B methods were not statistically different for test portions of all 3 cheeses analyzed. The BAM method's data showed lower RSD r mozzarella and cheddar cheese test portions (p < 0.05). The SimPlate method's data, however, reported lower RSD r (p < 0.05) for the blue cheese test portions. The RSD R values from the BAM and SIM-B methods were 
Cake Mix
Cake mix test portions inoculated at a low, medium, and high level were analyzed (Table 7) . Uninoculated controls were included on the day of analysis.
Data generated by the BAM and SimPlate methods were compared statistically. Laboratory 9 did not correctly follow the SimPlate directions for use. These data were not included for statistical analysis. Twelve laboratories submitted valid data for all cake mix test portions. The difference in mean log counts between the BAM and SIM-B methods were not statistically significant for the low and medium test portions. The BAM method recovered higher mean log counts (p < 0.05) than did the SIM-B method. However, the mean log counts were very similar, with <0.3 log units difference between the 2 methods. The RSD r and RSD R values for all 3 levels were not statistically different between the 2 methods (Table 2002.11A).
Data generated by the ISO and SimPlate methods were compared statistically. Laboratory 9 did not correctly follow the SimPlate directions for use. These data were not included for statistical analysis. Twelve laboratories submitted valid data for all cake mix test portions. The mean log counts from the ISO and SIM-I methods were statistically not different for the low test portions. The ISO method recovered higher mean log counts (p < 0.05) than did the SIM-I method for the medium and high test portions. The ISO method's data showed lower RSD R values for the low level test portions. The RSD r and RSD R values for all medium and high levels were not statistically different between the 2 methods (Table 2002. 
11B).
Data generated by the BAM and ISO methods were compared statistically. Overall, 13 laboratories submitted valid data for all cake mix test portions. The mean log counts from the BAM and ISO methods were not statistically different for all levels. The repeatability and reproducibility standard deviations for all levels were not statistically different between the 2 methods (Table 2002. 
11C).
Nut Meats
Three types of nut meats (hazelnut, pecan, and walnut) were analyzed (Table 8) . These nutmeats were chosen because they contained significant levels of naturally contaminating fungi compared to other nutmeats screened. Throughout the analysis of nut meat test portions, some laboratories reported plate counts for certain test portions that were below the counting range for the BAM method. Data from these paired test portions were estimated and used for statistical analysis.
Data generated by the BAM and SimPlate methods were compared statistically. Laboratory 9 had no end point for the SimPlate analysis for walnut test portions. Laboratory 7 was determined to be an outlier by the Cochran test for pecan test portions; therefore, the paired data were excluded from statistical analysis. These data were not included for statistical analysis. Thirteen laboratories submitted valid data for hazelnut test portions and 12 laboratories submitted valid data for pecan and walnut test portions. The mean log counts from the BAM and SIM-B methods were not statistically different for hazelnut test portions. The SimPlate method recovered higher mean log counts for pecan and walnut test portions. The BAM method's data showed lower RSD r and RSD R values for the walnut test portions. The BAM method's data showed lower RSD R for the pecan test portions (p < 0.01). The RSD r and RSD R values were not statistically different for hazelnut test portions.
Data generated by the ISO and SimPlate methods were compared statistically. Laboratory 9 had no end point for the SimPlate analysis for walnut test portions. Laboratory 12 did not have enough SimPlate devices to analyze the walnut test portions. No SimPlate data were submitted for these test portions. These data were not included in the statistical analysis. Overall, 13, 13, and 11 laboratories submitted valid data for hazelnut, pecan, and walnut test portions, respectively. The mean log counts from the BAM and SIM-I methods were not statistically different for the hazelnut test portions analyzed. The SimPlate method recovered higher mean log counts for the walnut and pecan test portions. The RSD r were not statistically different for the 3 lots of nut meats analyzed. The ISO method's data showed lower RSD R for the pecan test portions. The RSD R values were not statistically different for the hazelnut and walnut test portions.
Data generated by the BAM and ISO methods were compared statistically. Laboratories 3, 6, and 9 were determined to be outliers by the Cochran test for the walnut test portions. These paired data were excluded from statistical analysis. Thirteen laboratories submitted valid data for the hazelnut and pecan test portions, and 10 laboratories submitted valid data for the walnut test portions. The mean log counts from the BAM and ISO methods were not statistically different for any of the 3 types of nut meats analyzed. The BAM method's data reported lower RSD r values for the pecan test portions (p < 0.05). The RSD r values were not statistically different for the hazelnut and walnut test portions between the 2 methods. The RSD R values were not statistically different for all 3 lots of nut meat test portions.
Discussion
In this international interlaboratory study, the SimPlate Yeast and Mold-Color Indicator method was compared to the FDA's BAM method for enumeration of total yeasts and molds. Additionally, the proposed ISO method (ISO/CD 21527) for enumerating total yeasts and molds was analyzed. The BAM and ISO methods use the same growth media (DRBC and DG18 agars); however, they differ in the diluents used. The BAM method uses 0.1% peptone water, whereas the ISO method uses peptone salt solution. Because of this difference between the 2 reference methods, an additional set of SimPlate devices was set up according to ISO requirements, for a total of 4 methods being tested.
Six food types were evaluated by the 4 methods in this study. Three lots of naturally contaminated test portions were analyzed for frozen fruits, cheese, and nut meats. Three food types (frozen corn dog, cereal, and cake mix) did not contain significant levels of natural fungi and were artificially contaminated with either a yeast or a mold. For these 3 food types, 3 contamination levels and uninoculated controls were analyzed. In total, 21 food lots, comprising naturally contaminated, artificially inoculated, and uninoculated controls, were analyzed per method. Comparing the SimPlate method (SIM-B) and the BAM method, recovery (mean log counts) of total yeasts and molds was statistically different for 3 of the 18 contaminated food lots analyzed (Table 2002 .11A). The mean log counts were actually similar for one of these 3 lots, with <0.30 mean log difference in recovery. The SimPlate method recovered an average mean log count of 0.41 and 0.52 higher than the reference method for pecans and walnuts, respectively. A possible explanation for this may be that liquid medium is more suitable than agar plates for incubating the fungi present in the nutmeats.
The recovery of yeasts and molds from the SimPlate tests prepared with the ISO diluent (SIM-I) had good correlation with the ISO method. Mean log counts for 7 of the 18 contaminated food lots analyzed were statistically different between the 2 methods (Table 2002 .11B). Four of these 7 lots had similar results, with a difference of 0.30 or less mean log counts.
A comparison of the BAM and ISO method's data for recovery of yeasts and molds indicates very good correlation between the 2 methods. There were no statistical differences in recovery between the 2 methods.
For uninoculated frozen corn dogs, cake mix, and cereal test portions, both SimPlate methods (SIM-B and -I), the BAM or ISO methods sometimes produced measurable but low counts of naturally occurring fungi. These fungi were below the appropriate levels needed for the study.
Conclusions
In general, there was <0.3 mean log count difference in recovery between the BAM method and the corresponding SimPlate method (SIM-B), the ISO method and the corresponding SimPlate method (SIM-I), and the BAM method and the ISO method. Higher mean log counts (>0.3 mean log count difference) were recovered by the SIM-B/SIM-I method for walnut and pecan test portions than by the BAM and ISO methods. Higher mean log counts were recovered by the SIM-I method for one level of cake mix than by the ISO method. The RSD r and RSD R values were similar for the 3 methods.
Recommendations
The data generated in this interlaboratory study indicate that the SimPlate Yeast and Mold-Color Indicator method is comparable to FDA's BAM method and to the ISO method for the recovery of yeasts and molds from foods. It is recommended that the SimPlate Yeast and Mold-Color Indicator method be adopted Official First Action for enumeration of fungi in foods.
